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1. Introduction 
The species M. monoceros in Maputo Bay recruits to the fishery almost all 
over the year, but the main recruiLment occurs over a short period of time, 
each year, during April-May. The species has a mean maximum age of about 
15.8 months and a life-span in the fishery of approximately one year 
(Brinca and Sousa, 1984). 
Growth curves were constructed by following the progression of modes over 
a period of time. The von Bertalanffy growth parameters were estimated as 
L = 31.9 mm and K (monthly)= 0.25, for males, and L co = 48.3 mm and oo 
K (monthly)= 0.14, for females (Brinca and Sousa, 1 984). 
Using data on growth and length composition of the catches, the following 
methods were applied to estimate mortality rates of M. monoceros: 
1 ° 
- Estimation of natural mortality by using approximative methods 
(Garcia and Le Reste, 1981) 
2° 
- The use of c.p.u.e. data (Ulltang et. al., 1980) 
3° 
- Catch curves (Garcia and Le Reste, 1981; Jones and Zalinge,1981) 
4° 
- Cohort analysis (Jones, 1981; Jones and Zalinge, 1981) 
5° 
- Average age and length methods (Garcia and Le Reste, 1981) 
2. Estimation of M by approximative methods  
2.1 - Relation between M, growth and life-span. 
Using the relation between maximum age and M given by Beverton and Holt and 
quoted by Garcia and Le Reste (1981), with a maximum age of 1.32 years 
(15.8 months) the order of magnitude of M would be of 2.0/year, that is 
0.17/month. 
*These methods were based on data collected between 1968 and 1973. All the 
other methods were applied to data collected between April/77 and March/78. 
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Using the correlation between Di, L a, K and T (average annual temperature 
at the surface) given by Pauly (1978) the magnitude of M would be 2.40/ 
/year for females and 4.14/year for males, that is 0.20/month and 0
.34/ 
/month. 
2.2 - Relation between natural mortality and sexual maturity 
The size at first spawning was estimated as 26 mm and the size when 50% of 
the population is mature or "the size at massive maturation" was estimated 
as 33 mm (Brinca and Sousa, 1984). 
The ratio Lm/L oo (where Lm is the size at first spawning) was computed as 
0.54, which is close to the average value of 0.58+0.03 quoted by Garcia and 
Le Reste (1981) for tropical zones. 
Rikhter and Efanov's equation (Garcia and Le Reste 1981) was used and a 
value of M. 0.18/month was computed using tm50= 8.1 months. 
Considering the age of massive maturation equal to topt,  the "optimum age" 
(Garcia and Le Reste 1981), the Beverton and Holt's equation for calculating 
L
opt for animals with isometric growth was used to estimate M. A value of 
M. 0.19/month was computed. 
3. Estimation of mortality rates by using catch and effort data 
3.1 - Direct estimates of total mortality from the variation with time of 
number caught per fishing day 
The assumption made to apply this method was that the changes in number 
caught per fishing day reflect changes in abundance and not changes in 
availability. 
For a period of no recruitment, the mean monthly mortality during the 
period may be estimated as the slope of the regression line of ln(catch/ 
/day) t against t (Ulltang et. all., 1980) 
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Figure la indicates that almost no recruitment occured during the period 
October/77 to January/78. The regression lines of In (catch/day) against 
month during this period (Figures lb and 1c) have a slope of -0.71 for 
females and -0.64 for males. 
The values obtained indicate a mean monthly total mortality of 0.71 for 
females and 0.64 for males. However, these values should be used with 
caution, because during the period October-January the population is mainly 
formed by older individuals (Brinca and Sousa, 1984). 
3.2 - Swept area estimates of size and fishing mortality 
Assuming that all shrimps of fishable size present in the area swept by the 
trawl are caught, total stock size (S) can be estimated by 
S_  catch per hour of trawling 
 x total area 
area swept by hour 
Annual fishing mortality was estimated by: 
annual catch  
(annual)_ 
The value of F may be regarded as a maximum estimate of the mean annual 
fishing mortality during the year Apri1/77-March/78 (Ulltang et all, 1980). 
The following table shows the values obtained for catch/hour, area swept 
by hour, total area, annual catch and S. 
Catch/hour Area sw-qpt/hour Total area Annual catch S 
(kg/h) (kmVh) (km2 ) (kg) (kg) 
Females 1.34 0.013x2.5x1.853 381 38684 8478 
Males 0.77 0.013x2.5x1.853 381 22084 4871 
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Fig. 1 — Estimation of Z — a) Definition of a period of no recruitment. 
Regression of the logarithm of total no caught per day against 
month for b) females and c) males 
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The following table shows the estimates obtained for F (annual) and 
(monthly): 
Females 
Males 
F (annual) Ti (monthly) 
4.56 
4.70 
0.38 
0.39 
3.3 - Natural mortality estimates 
Applying the values of Z and F obtained in the last two sections, the 
magnitude of M would be of 0.33/month for females and 0.25/month for males. 
The following table summarizes the values estimated for M using different 
approximative methods (section 2) and catch and effort data (section 3): 
METHODS 
M/Month 
Females Males 
Beverton and Holt (1959) 0.17 
Beverton and Holt (1966) 0.19 
Rikhter and Efanov (1976) 0.18 
Pauly (1978) 0.20 0.34 
Ulltang (1980) 0.33* 0.25* 
*Estimates based on data from 1977/78. All the other values are based 
in data collected between 1968 and 1973. 
Considering the possible biases of the M estimates obtained, these values 
must be treated cautionsly. As a first approach, M should be considered 
with a range of magnitude of 0.2 to 0.3/month. 
As the values obtained for females and males by using two different methods 
do not allow to draw the conclusion that male growth ends more rapidly, the 
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life span of males and females was considered as comparable. 
4. Catch curves 
Total mortality was estimated using the numbers at each size/age from an 
annual frequency distribution of total catch. 
The following basic assumptions were made to apply the catch curve method: 
a) The annual catch is associated almost exclusively to the recruitment 
of the year if catches are compiled by periods of 12 months starting 
in April*. This assumption was made because the main recruitment to 
the fishery occurs over a short period of time (April May)and the 
life-span in the fishery is close to one year. 
b) The growth pattern during April/77 -March/78 is not significantly 
different from the growth pattern during the years 1968/69. That is, 
the growth rates do not have important interannual variations. 
A cumulative catch curve was obtained by applying the method proposed by 
Jones and Van Zalinge (1981). Figure 2 shows that the relationship between 
InN(cumulative numbers) and In (L op -L) is approximately linear over the 
middle of the range. Departure from linearity for the smallest sizes may 
indicate that females with a carapace length <28 mm and males < 22 mm are 
not completely recruited to the fishery: For the .largest individuals, if 
the above mentioned assumption is valid, the departure from linearity may 
be explained if the growth rates of the largest individuals are not 
adequately represented using the parameters of an average growth curve. 
ANNEX gives the work sheets for applying this method. The results for the 
*It should be noted that the fishing effort was rather stable during the 
12 months period. 
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two sexes are given in the following table: 
Females Males 
z/k 3.42 1.87- 
Z (monthly) 0.48 0.47 
28 mm < CL < 42 mm 22 mm ‘ CL < 30 mm 
The results suggest a value of Z of about 0.5 for the two sexes, for the 
length ranges included in the table. 
Another approach was made by "chopping" the length distribution into age 
groups using data on the average annual growth. Monthly histograms were 
divided into monthly age groups and the data compiled for the period April/ 
/77-March/78. For each 1mm size class the average age was calculated and 
age groups of 1 and 2 months were considered. Fig. 3 shows that a better 
approach is obtained with the relationship between In N and age grouped 
by 2 months intervals. This could be expected because wider age groups 
limit the errors due to the "chopping" procedure. 
ANNEX gives the work sheets for applying this method. The results for the 
two sexes are given in the following table (2 months age groups considered): 
kmonthly) 
Females Males 
Z (  0.54 
2 age < 10 months 2 ,,<. age < 8 months 
The results suggest a value of Z of about 0.5 for the two sexes, for the 
age range included in the table. 
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The results obtained by the two methods are similar, with a value of Z of 
the same order of magnitude for approximately the same range of ages 
(females with a carapace length of 28 mm have approximately a relative age 
of 3 months and 11 months are attained with a length of 42 mm. In the case 
of the males individuals with 22 and 30 mm are approximately 1 and 8 months 
old, respectively). 
5. Cohort analysis 
5.1 — Length cohort analysis 
Jones and Van Zalinge method was applied to an annual frequency distribution 
of length, considering the same basic assumptions included in section 4. 
The estimates of F and Z obtained in the previous sections indicate an 
exploitation rate close to 0.5. The method was applied with M in the range 
0.2-0.3 (see section 3). 
Individuals have been caught with lengths greater than the average value 
of L 00 (see section 4). Nevertheless, the length cohort analysis was made 
assuming that the error apply to a relatively small part of the total 
population, because the largest individuals make up a small proportion of 
the catch. 
ANNEX shows the calculations that provide estimates of F and Z for each 
of the length groups. For females those values are higher for the largest 
individuals. For individuals with carapace length between 24 and 35 mm 
.those values tend to be lower but with the same order of magnitude (this 
is particularly evident when M. 0.3). For the smallest individuals the 
mortality estimates tend to be quite small since these are incompletely 
represented in the catches. 
The same analysis was made for males, and estimates of F and Z were 
obtained for carapace length ranging from 22-29 mm. 
Average values of F/Z can be determined directly by the relation of the 
catches to the number of deaths in the length intervals considered. 
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The following table summarizes the results obtained. 
Average 
values 
Females Males 
M. 0.2 M. 0.3 M. 0.2 M= 0.3 
F/Z 0.54 0.36 0.58 0.41 
F 0.24 0.17 0.28 0.21 
Z 0.44 0.47 0.48 0.51 
24 \< CL 	 35 mm 22 < CL < 29 mm 
(1.6 ,< age < 5.9 months) (1.4 ,<. age ( 6.3 months) 
The results suggest a value of Z of about 0.5 (average for the two sexes). 
Estimates of F ranged from 0.2 (M. 0.3) to 0.3 (M= 0.2). 
Females with a carapace length of 24 mm and males with 22 mm seem to be 
completely recruited to the fishery. 
5.2 - Age cohort analysis 
Pope's method was applied to an annual frequency distribution of age (see 
section 4). The method was applied considering the same assumptions about 
recruitment and growth already made in the previous sections. 
ANNEX shows the calculations that provide estimates of F and Z for each 
of the two months age groups. 
Due to the rate of convergence of F values (Jones, 1981), the estimates for 
the youngest age groups were considered more reliable. For the (0+1) group 
the mortality estimates tend to be quite small since that group is 
incompletely recruited to the fishery. 
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The following table summarizes the results: 
Average 
values 
Females Males 
M. 0.2 	 M= 0.3 M. 0.2 	 M. 0.3 
F 
Z 
	
0.28 	 0.19 
	
0.48 	 0.49 
	
0.35 	 0.28 
	
0.55 
	
0.58 
2 ‘ age < 6 months 2 ‘ age < 6 months 
The values obtained are not necessarily identical to those shown in the 
previous table (section 5.1). They are sufficientely similar however to 
show that the two methods provide results which are in reasonable good 
agreement, particularly when it is considered the average of the two sexes. 
5.3 - Age cohort analysis (catch vector) 
Shrimp recruits almost during all over the year with seasonal variations 
of the recruitment pattern. 
In this case, the annual catch curve represents a bad combination of the 
different cohorts present in the population. The cohort analysis should 
then be performed for each of the cohorts present in the fishery during 
the year, and then combine the results. However this was not possible to 
achieve because, during the present report, data was not available for 
more than an year and it was not possible to follow all the cohorts 
during their life-span in the fishery. 
The objective of the present section is to analyse how valid is the 
assumption made in previous sections in order to apply the cohort analysis 
to the annual catch curve, that is 
- the annual catch is associated almost exclusively to the main 
recruitment of the year which occurs in April-May. 
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One way to prove the validity of this assumption is to see if the survival 
rate obtained from the sucessive numbers in the annual catch curve is 
comparable with the rates obtained from the catch curves of the cohorts 
coming into the fishery in April-May. 
ANNEX 1 gives the worksheets for applying the Pope's method to these cohorts. 
Only the age distribution of females was used because it covers a wider 
range of ages. 
A better approach was obtained when the catches of April and May were 
combined and the ages were grouped by 2-month intervals. One explanation 
could be that larger age groups limit the error due to the "chopping 
procedure"; another possible explanation could be that combining two 
cohorts a higher number of individuals for each age class is obtained, 
which reduces the variation of the estimates of S, Z and F. 
The results are summarized in the following table: 
M. 0.2 M= 0.3 
F (monthly) 0.23 0.16 
Z (monthly) 0.43 0.46 
2 	 E; age < 	 6 months 
The results obtained in the catch vector analysis and the ones obtained 
for the annual catch curve are sufficiently similar to draw the conclusion 
that the cohorts coming into the fishery in April-May determine the annual 
catch distribution. 
6. Average length and age methods 
An approximate assessment of mortality was made using average size and age 
of individuals in the stock and its change during exploitation by applying 
the methods given by Beverton and Holt and Ssentongp and Larkin quoted 
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by Garcia and Le Reste (1981). These methods give an order of magnitude for 
total mortality. 
ANNEX (sections 6 and 7) gives the worksheets for applying these methods. 
The values used for the age and size at first capture were the ones 
suggested in section 5 when cohort analysis was performed (for females 
1
c
= 24 mm and t
c
= 2 months; for males 1
c 
22 mm and t
c
= 2 months). 
The results are summarized in the following table: 
METHODS Females Males 
1. Average length 
Beverton and Holt (1956) 0.45 0.50 
Ssentongo and Larkin (1973) 0.45 0.54 
2. Average age 
Beverton and Holt (1956) 0.47 0.51 
Ssentongo and Larkin (1973) 0.40 0.47 
The values of Z obtained by using different average length methods are 
very close, which seems to confirm the considerations made in the previous 
section related with the recruitment pattern. 
For age, more variation was found, because there are more difficulties in 
obtaining reliable age composition without introducing considerable bias. 
This is clearly observed in Fig. 4 - the curve of female mean length has 
a shape very close to the male curve, which is not so evident in the age 
curves. 
7. Conclusions 
Tabel A summarizes the results obtained using different methods to estimate 
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mortality rates of the species FL monoceros  
Table A - Mortality rates estimates obtained by applying different methods 
of analysis 
METHODS 
MiMonth F/month Z/month 
9 cf 9 e 9 cf 
1. Beverton and Holt (1959) 0.17 
2. Beverton and Holt (1966) 0.19 
3. Rikhter and Efanov (1976) 0.18 
4. Pauly (1978) 0.20 0.34 
5. Swept area (Ulltang, 1980) 0.33 0.25 0.38 0.39 0.71 0.64 
6. Length catch curve 
(Jones and van Zalinge, 1981) 0.48 0.47 
7. Age catch curve 
(Garcia and Le Reste, 1981) 0.52 0.54 
8. Length cohort analysis 
(Jones and van Zalinge, 1981) 0.2* 0.2* 0.24 0.28 0.44 0.48 
0.3* 0.3* 0.17 0.21 0.47 0.51 
9. Age cohort analysis 
(Pope's method) 0.2* 0.2* 0.28 0.35 0.48 0.55 
0.3* 0.3* 0.19 0.28 0.49 0.58 
10. Catch vector 
(Garcia and Le Reste, 1981) 0.2* 0.2* 0.23 0.43 
0.2* 0.3* 0.16 0.46 
11. Average Length 
(Beverton and Holt, 1956) 0.45 0.50 
(Ssentongo and Larkin, 1973) 0.45 0.54 
12.Average age 
(Beverton and Holt, 1956) 0.47 0.51 
(Ssentongo and Larkin, 1973) 0.40 0.47 
* Estimates obtained by methods 1-5. 
The values obtained seem to indicate that Z has a similar value for males 
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and females, with an order of magnitude of 0.5/month during the period 
April/77-May/78. The values of Z ranging from 0.6-0.7/month, obtained 
from the variation with time of number caught per fishing day, seems to 
be an overestimate of the mean annual total mortality rate. One possible 
explanation could be that the values were estimated from the decreasing 
numbers of a spawning population, mainly formed by older individuals, with 
a higher value of Z influenced by death after spawning. 
As a first approach M can be considered with a range of magnitude of 0.2 
to 0.3/month, with F at a level of 0.3/month (M= 0.2) or 0.2/month (m= 0.3). 
It was already mentioned (section 3.2) that the value of F estimated by 
dividing the annual catch by the stock size should be regarded as a maximum 
estimate. 
As a general conclusion, the values obtained by the different methods seem 
to indicate that a good approach can be achieved when cohort analysis is 
performed based on an annual catch distribution. Although the main period 
of recruitment is April May, some shrimp seem to start to recruit to the 
fishery in February-March (see section 3.1). Then, to perform the analysis, 
data should be compiled by periods of 12-month (assuming a life-span in 
the fishery of about one year starting in February-March instead of 
April-May. This seems to be confirmed by looking to data used for the catch 
vector analysis (ANNEX, 	 section 5) where the cohorts disappearing in 
March most probably recruited to the fishery in February-March. 
Another conclusion is that it seems more reliable to use length cohort 
analysis instead of age analysis, because of the biases that are usually 
introduced by the "chopping" procedure. Whenever age must be used, a 
better approach is obtained when data is grouped by two-months age intervals. 
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ANNEX 
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Work sheets for applying the methods for mortality estimation 
1. Cumulative catch curve 
1.1 - Females (L 00 = 48.3; K= 0.14) 
Carapace 
length (1) 
N°caught 
x 10 3 (N) 
Cumutive 
Catch ( N) 
lnEN (L co 	 L) 1n (L,,, -L) 
49* 0.44* 0.44* 
47 3.34 3.78 1.33 1.30 0.26 
45 4.03 7.81 2.06 3.3o 1.19 
43 10.90 18.71 2.93 5.3o 1.67 
41 20.75 39.46 3.68 7.30 1.99 
39 52.18 91.46 4.52 9.30 2.23 
37 80.74 172.38 5.15 11.30 2.42 
35 155.13 327.51 5.79 13.30 2.59 
33 168.78 496.29 6.21 15.30 2.73 
31 278.98 775.27 6.65 17.30 2.85 
29 307.94 1083.21 6.99 19.30 2.96 
27 354.76 1437.97 7.27 21.30 3.06 
25 421.31 1859.28 7.53 23.30 3.15 
23 428.49 2287.77 7.74 25.30 3.23 
21 396.74 2684.51 7.90 27.3o 3.31 
19 225.73 2910.24 7.98 29.30 3.38 
17 72.42 2982.66 8.00 31.30 3.44 
15 6.52 2989.18 8.00 33.30 3.51 
* Values not used (L > L oo ). 
z/K= 3.42 
K (annual)= 1.68 	 Z , 	 Z 0,:nnual)= 5 ' 75 (monthly) - 0.48 
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1.2 - Males (L co = 31.9; K. 0 . 2 5) 
Carapace 
length (L) 
No caught 
x 103 (N) 
Cumulative 
Catch ( 	 N) 
In 	 N (L 00 -L) in (L 00 -L) 
35 
33 
1.90 
17.53 
1.90 
19.43 
31 41.81 61.24 4.11 0.90 0.11 
29 144.79 206.03 5.33 2.90 1.06 
27 335.31 541.34 6.29 4.90 1.59 
25 539.78 1081.12 6.99 6.90 1.93 
23 586.57 1667.69 7.42 8.90 2.19 
21 490.80 2158.49 7.68 10.90 2.39 
19 305.04 2463.53 7.81 12.90 2.56 
17 85.38 2548.91 7.84 14.90 2.7o 
15 8.51 2557.42 7.85 16.90 2.83 
13 0.10 2557.52 7.85 18.90 2.94 
* Values not used (L > L 00 ) 
z/K= 1.87 
K Z 	 5.61 	 Z ( annual )= 3.00 	
onnual) = 	 (monthly) - 0.47 
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2. Catch curve 
2.1 - Age grouped by 1 month intervals 
Females Males 
Relative 
age 
No. caught 
(N) in N 
Relative 
age 
No. caught 
(N) In N 
0 501289 13.12 641893 13.37 
1 849382 13.65 1 835512 13.64 
2 562302 13.24 2 529781 13.18 
3 464105 13.05 3 188199 12.15 
4 214570 12.28 4 137111 11.83 
5 175558 12.08 5 90923 11.42 
6 79207 11.28 6 53865 10.89 
7 47592 10.77 7 30172 10.31 
8 
9 
24956  
21540 
10.12 
9.98 
8 and 
older 
31080 10.34 
10 18022 9.80 
11 8117 9.00 
12 6684 8.81 
13 and 115o8 9.35 
older 
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2.2 - Age grouped by 2 months intervals 
Females Males 
Relative No. caught In N Relative No. caught In N 
age (N) age (N) 
0+1 1350671 14.12 0+1 1477405 14.21 
2+3 1026407 13.84 2+3 717980 13.48 
4+5 390128 12.87 4+5 228034 12.34 
6+7 126799 11.75 6+7 84037 11.34 
8+9 46496 10.75 8 and 31080 10.34 
10+11 26139 10.17 older 
12 and 
older 
18192 9.81 
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6. Average length methods 
6.1 - Beverton and Holt (1956) 
Females 
Z. 0.14 (48.3 - 29.8) /(29.8 - 24)= 0.45 
Males 
Z. 0.25 (31.9 - 25.3)/(25.3 - 22)= 0.50 
6.2 - Ssentongo and Larkin (1973) 
Females 
Month 
	 It 	 y= -1n(1- Tt) 
L 
4/77 	 27.7 	 0.85 
5 	 27.6 	 0.85 
6 	 28.1 	 0.87 
7 	 28.7 	 0.90 
8 	 28.6 	 0.90 
9 	 32.8 	 1.14 
10 	 31.1 	 1.03 
11 	 33.2 	 1.16 
12 	 31.9 	 1.08 
1/78 	 33.5 	 1.18 
2 	 31.3 	 1.04 
3 	 26.8 	 0.81 
0.98 
Z.. 0.14 x 12 x 	 1 	 = 0.45 
13 	 0.98-0.69 
Month It Y= - In (1 - 	 It 
L 
4/77 24.9 1.52 
5 24.2 1.42 
6 24.5 1.46 
7 24.7 1.49 
8 24.9 1.52 
9 26.8 1.83 
10 25.5 1.61 
11 26.5 1.78 
12 25.8 1.65 
1/78 27.1 1.89 
2 25.9 1.67 
3 23.6 1.35 
Y = 1.60 
) 
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Males 
Z= 0.25 x 12 x 	 1 	
- 0.54 
13 	 1.60-1.17 
7. Average age methods 
7.1 Beverton and Holt (1956) 
Females 
Z= 1/(4.12 - 2) = 0.47 
Males 
A 
Z. 1/(3.97 - 2) = 0.51 
Month t 
4/77 3.55 
5 3.39 
6 3.56 
7 3.87 
8 3.78 
9 5.26 
10 4.33 
11 5.11 
12 4.99 
1/78 6.00 
2 4.90 
3 3.16 
T . 4.33 
Males 
Month t 
4/77 4.64 
5 3.58 
6 3.29 
7 3.49 
8 3.77 
9 4.45 
10 3.80 
11 4.21 
12 3.92 
1/78 4.69 
2 4.38 
33 3.10 
T . 3.94 Z. 1 2/(3.94-2)x 13= 0.47 
A 
z. 12/(4. 33-2)x13= 0.40 
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7.2 - Ssentongo and Larkin (1973) 
Females 
